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ABSTRACT
Analysis of data from the Censuses of Population, Manufac-
tures, and Business indicate that during the post World
War II period very little population and employment growth
took place in the largest cities. Predictions made with
an econometric model indicate that these trends are likely
to continue in the future. The authors then spell out the
significance of these findings for urban development and

transportation planning.

*Any views expressed in this paper are those of the authors.
They should not be interpreted as reflecting the views of The RAND
Corporation or the official opinion or policy of any of its govern-
mental or private research sponsors. Papers are reproduced by The
RAND Corporation as a courtesy to members of its staff.

This paper was prepared for presentation at the meetings of the
Highway Research Board held in Washington, D. C. on January 11, 1963.
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INTRODUCTION

This paper presents an analysis of and empirical findings about
changes in land-use patterns occurring within the 39 largest metro-
politan areas during the post-war perlod,pertinent to the debate
about alternative solutions to the urban transportation problan.l
The following section contains a discussion of descriptive statis-
tics on land-use trends in these areas during the periods 1948-1954
and 1954-1958. Then the authors present an 1l equation econometric
model to explain population and employment changes within central
cities and metropolitan rings for the 1954-1958 period. Later, the
model is used to predict the land-use pattern in a typical metropol-
itan area during the years 1965 and 1975. And finally, the authors
discuss the implications of the analysis and the empirical findings
for the various proposed solutions to the urban transportation prob-
lem.

During the post-war period, urban transportation has become
recognized as an increasingly important and difficult problem.
Secular growth and migration trends are causing population to con-
centrate mainly in urban areas. For several decades the United
States has been rapidly changing from a land of small towns and farms
to one of gigantic metropolitan areas. Within these, suburban growth

MMese areas are Akron, Atlanta, Baltimore, Boston, Buffalo,
Chicago, Cincinnati, Cleveland, Columbus, Dallas, Dayton, Denver,
Detroit, Ft. Worth, Houston, Indianapolis, Jersey City, Kansas City,
Los Angeles-Long Beach, Louisville, Memphis, Mismi, Milwaukee,
Minneapolis-St. Paul, Newark, New Orleans, Oklahoma City, Philadelphia,
Phoenix, Pittsburgh, Portland, Rochester, St. Louis, San Antonio,

San Diego, San Francisco-Oakland, Seattle, Tampa-St. Petersburg, and
» Do C. Kev York has been excluded from the sample because
of its size and other special characteristics.



has been much faster than central city growth. In the post-war
period this rapid growth has been accompanied by significant declines
in the numbers of urban residents using public transportation facil-
ities. For example, between 1950 and 1958 transit ridership in
American cities decreased by 43 percent, from 17.2 to 9.7 billion
trips per year.2 On the other hand, the number and use of private
autamobiles increased enormously.

The response to these transformations has been impressive.
President Kennedy, for example, stated that:

The national welfare, therefore, requires provision for

good urban transportation with the proper use of private

vehicles and modern mass transport to help shape as well

as to preserve urban growth.
And, at that time he requested Congressional authorization of grants
for urban transportation totaling $500 million over a three-year
period. There are also pending several ambitious rail rapid transit
Plans including one in Washington, D. C. In the San Francisco-Oakland
metropolitan area, voters have approved a bond issue for the financing
of a 75-mile rapid transit system having an estimated capital cost of
nearly one billion dollars. The Los Angeles Metropolitan Transit
Authority is ready to begin final design studies, contingent only
upon obtaining adequate and low-cost financing, of a less ambitious
project nicknamed "The Backbone Plan". The Los Angeles project has
an estimated capital cost of $300,000,000 and consists of a 22.7-mile

rail transit line, including 12 miles of subway. Although San

%mittee on Economic Development, Guiding Metropolitan Growth,
P 190

’Presidant'l message on transportation, presented to Congress,
April 6, 1962.




Francisco and los Angeles are the only cities having mass transit
plans in such a state of readiness, proposals for new rall systems
are being seriously debated in Pittsburgh and Atlanta. The National
Capitol Transportation agency has submitted to the President its
report recammending construction of a rail transit system in Wash-
ington, D. C. at a cost of approximately $800,000,000 and a curteilment
of the region's highway program." Moreover, Philadelphia, Boston,
Chicago and New York are seeking Federal subsidies for expansion of
existing rail facilities. One estimate of the next decade's capital
requirements for mass transportation places them at nearly $10
bi.].'l.:l.on.5 At the same time, the huge cost of urban highways is
indicated by the $18 billion cost of the urban portion of the 41,000-
mile interstate system, vhich represents only a portion -- although a
large portion -- of the decade's total urban highway expenditures.

As the report by the National Capitol Transportation Agency
proposing curtailment of Washington, D. C.'s highway program and sub-
stantial expansion of its public transit system indicates, highways
and public mass transit are both competing and complementary. Pro-
ponents of the rail solution would reverse or halt mass transit
declines by making substantial improvements in transit facilities
and perhaps by cutting back on construction of highway facilities.

“'I'he National Capitol Transportation Agency, Transportation in
the National Capitol Re%on, Finance & Organization, A Report to The
President for Transmittal to Congress, U. S. Government Printing
Office, Washington 25, D. C., Nov. 1, 1962, p. 48.

’Institute of Public AMministration, Urban Transportation and

Public Policy, Report to the Devartment of Commerce and Housing and
Home Flnance Agency, December, 1951,




The $10 billion estimate of the next decade's public transportation
capital requirements and the cost of the San Francisco and los
Angeles plans indicate the opportunity costs of the rail transit
solution. If spent on further expansion of urban highways the $10
billion estimated capital costs would finance a sizeable increase
in the present urban interstate system. The $1 billion costs of the
San Francisco-Oskland Bay plan might be used to finance many miles of
urban expressway for the Bay Area..6

Thus it is important to choose the right mix of these capital
intensive facilities. The best mix depends to a very large extent
upon the task confronting the local urban transportation planners.
Some form of rail mass public transportation is probably best, in the
sense of being most efficient or cheapest, if large volumes must be
transported between high density origins and destinations. Urban
highways, with perhaps some exclusive rights-of-way for buses, may be
more efficient than rail mass transit systems if low volumes and low
density origins and destinations must be served. The appropriate
urban transportation investment policy is determined substantially
by the spatial configuration of urban transportation demands, and
this configuration depends largely upon the density of current and
expected urban development.

If the projected increases in metropolitan populations result
in increased densities and interchange volumes, considerable emphasis

should be placed on rail mass transit systems. If present urban densities

6Assuu1ng lane-mile-costs from $0.5 to $1.0 million, between 1,000
and 2,000 lane miles could be constructed with the $1 billion. These
figures make no allowance for bridges, tunnels, and either public or
private vehicles.



are at a high water mark and if most urban growth is to occur at low
densities, emphasis should be placed on building up the highway systen.
If considerable uncertainty exists, a city should make an effort to
emphasize flexibility so that the system can adapt to changes as they
occur. In such a case, research to obtain information asbout future
urban growth is necessary.

The debate about preferred solutions has been long and incon-
clusive. Assertions on both sides have been largely unsubstantiated

and the evidence presented has often been contradictory. In large
part this is because empirical information and evidence on urban
location and development trends have been lacking.

The primary purpose of this paper is not to reach any final
conclusions about alternative transportation policies or about an
optimal mix of public and private transportation facilities, but
rather to provide systematic empirical information on urban locational
and development trends bearing on the appropriate mix. This will,
we hope, encourage and help make possible more factual and intelli-
gent discussion of alternative transportation policies. This paper
does not concern locational trends for any particular metropolitan
area; instead it describes and evaluates locational trends common to
most large metropolitan areas. In this way, we believe it possible
to identify the basic economic and technological forces prevailing
in today's society and the commonalities of urban growth processes.

POST-WAR TRENDS IN URBAN POPULATION AND EMPIOYMENT

This section presents same descriptive statistics measuring
post-war changes in the locational distribution of employment and
popwlation within the 39 largest Standard Metropolitan Statistical



Areas (SMSAs).! New York City has been excluded from the sample
because of its enormous size and other unique features.

Each metropolitan area is divided into two sub-areas, the central
city and the metropolitan ring (the SMSA minus the central city).
This is a rather crude geographical breakdown. Nevertheless, a
comparison of the central cities and the metropolitan rings gives a
rough picture of the contrasts between developments taking place in
the older higher-density and the newer lower-density parts of metro-
politan areas.

Table 1 gives the mean annual percentage changes in retailing,
manufacturing, wholesaling and selected services employment and in
population for the central cities and metropolitan rings for the 39
SMSAs. The statistics have been calculated for the intercensal time
periods: 1948-1954, 1954-1958, and 1948-1958.8 Table 1, which
indicates that the metropolitan rings are growing at considerably
higher rates than the central cities on the average, contains no
particularly surprising information. This table, however, as well
as most information of the type frequently used in making inferences
about urban development, systematically overstates central city and
understates ring growth because annexations have significantly
increased the size of many central cities. Corrections of both pop-
ulation and employment data can be made to give a rough idea of the
effect of annexations and of what the growth within constant arcas

7lﬂor Wholesaling, only 38 cities were used.

rav employment data used are actual counts reported by the
Census of Business and Census of Manufactures. The population data

are estimates made by interpolation of population counts obtained from the

1950 and 1960 Censuses of Population. The manufacturing data are for
1947 instead of 1948.

-7-



Table

1l

MEAN ANNUAL PERCENTAGE CHANGES IN
POPULATION AND EMPLOYMENT

48-5¢4
3.46
1.76
0.36

2.75
1.8

Central City
5¢-58
0.03
1.74
in
5.68
1.50

2.7
1.92
1,00
4.42
1.8

Metropolitan Ring

48-54
9.64
10.42
4.54
9.28
6.44

54-58
4.88
12.43
9.11
20.86
4.60

9.63
13.76
T.39
12,32
6.60



has been. The 1960 Census of Population provides figures for the
1960 population residing within 1950 boundaries of the central cities.
Data on population amnexations by the 39 central cities were obtained
from The Minicipal Year Books, 1949-50.° By assuming that population
changed at constant percentage rates during the period 1950-1960
within each of these cities, estimates were made of the population
within 1950 boundaries in 1948, 1954 and 1958. Employment data were
corrected for ammexations by assuming that the percentage of employ-
ment annexed in each category was the same as the percentage of

0
annexed population. 1

IThe Internstional City Managers' Associstion, The Municipal
Year Book, 1949-1959, Chicago, Illinois.

ml"oma.lly, the annexation correction for the central city is of
the form:

cC ce
2oy = Eo* - (F1s - Fsos (E5"); where ESSt 18 the estinated
11

employment within 1950 central city boundaries in the i-th year
(1 = 1948, 1954 or 1958) and for the k-th industry subgroup (k =
retailing, wholesaling, selected services or manufacturing);

Ef:k is the census employment of the k-th industry vithincexiatigg
legal boundaries of the central city in the i-th year; Pr - 501

P.
i
is the ratio of the difference between population in the legal and
1950 boundaries of the central city in the i-th year to the popula-
tion within central city legal boundaries in the i-th year. The
ring correction for annexations is identical:

cc _ e
roo_oor (P, - Pory) c
Booy = Bpg * _&_P_céﬂi__ (Eii)’ except the annexation correction

L

is added instead of subtracted from the census employment statistic.
As a side condition annexation corrections from the ring to the
central city are not permitted to exceed 1/2 of the employment with-
in the ring for a given employment activity.
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Table 2

MEAN ARNUAL PERCENTAGE CHANGES IN POPULATION
AD BMPLOYMENT, CORRECTED FOR ANNEXATIONS

Central City Metropolitan Ri%

Item 48-54  54-58  48-58  48-5¢ 54-58 48-58
Manufacturing 1.9 “1.7 0.6 13.2 7.0 15.0
Wholesaling 0.9 0.2 0.7 25.4 16.8 29.4
Retailing 0.6 0.1 0.4 1.5 13.6 16.0
Services 1.6 3.9 2.7 18.2 16.8 24.4

Population 0.2 0.1 0.2 8.8 6.4 9.4



The corrected data in Table 2 indicate that percentege changes
calculated on the basis of the raw data seriously overstate the
central city growth and seriously understate ring growth. Indeed,
the corrected data actually show a percentage decline in manufacturing
employment during the 1954-1958 period in the 39 central cities.
Service employment is the only category with substantial central city
gains. Moreover since the raw data indicate that the amaller cen-
tral cities are experiencing more rapid growth than the larger ones,
it is quite possible for the mean percentage change to be positive
even though the 39 central cities might actually, on the average,
experience declines in their levels of population and employment.

In order to investigate this possibility, Table 3 presents
changes in population and employment during the three time periods
in question. Increases in employment and population were greater in
rings than in central cities in all categories except services. The
differences between central city and ring growth are particularly sig-
nificant for population and for manufacturing employment. Huge
population increases are occurring in the rings, vhile the increases
in the central city population are modest. Ring manufacturing em-
ployment increased in both periods, while the central cities have
suffered large losses in manufacturing employment since 1954. Even
80, the central city increases shown in Table 5 are overstated and
ring increases understated, because of annexations. Table 4 pre-
sents corrected changes in population and employment.

As in the case of the percentage changes when corrected for
annexations, the findings for the changes in Table 3 are magnified;
only services exhibit significant central city growth -- approximately



Table 3

MEAN ANNUAL CHANGES IN POPULATION AND EMPLOYMENT

Central City

Item 48-54
Manufacturing 477
Wholesaling 191
Retailing -263
Services 452

Pooulation (Legal) 4470

54-58 48-58
-1851 =454
224 204
454 24
1002 672

5840 5018

Metropolitan Ring

48-54
2237
307
756
399
25632

24-58 48-38
564 1568
501 382

1662 18
611 483

28929 26951

.u-



Table 4

MEAN ANNUAL CHANGES IN POPULATION AND EMPLOYMENT,
CORRECTED FOR ANNEXATIONS

Central City Metropolitan Ring
Item 48-5¢ 54-58 48-58 48-54 54-58 48-58
Manufacturing 159 -2502 - 809 2168 1214 1821
Wholesaling 8 - 2 51 415 139 544
Retailing 479 6 -28 972 2110 7
Services 373 766 538 479 827 618

Population 308 297 20812 34462 31672
Population

290
Annexations 4180 5532 4721 -4180 -5532 472



800 workers per year during the 1954-1958 period (Teble 4). During
the 1954-1958 period, large losses occurred in central city manu-
facturing employment, but employment in both wholesaling and retailing
remained nearly constant. Central city population increases in both
periods were very small, only about 300 persons per year. If los
Angeles and San Diego are deleted from the sample, the average
change in central city population is actually negative. These two
rapldly growing cities bias the mean upward; here rapid central city
growth is attributable to the vast amowunts of vacant land within
central city boundaries, wvhich absorbed a large proportion of the
tremendous population increases occurring during the postwar period.
Further understanding of central city employment and population
changes can be gained by examining the numbers of central cities
vhich experienced declines in population and various categories of
employment during each period. The pervasiveness of these central
city declines is indicated in Table 5, which shows the number of
declining central cities and rings in each employment and population
classification. The frequency and widespread character of central
city declines is indicated by the fact that during the first period,
1948-1954, retailing employment declined in 26 or two-thirds of our
39 central cities; manufacturing employment declined in 15 central
cities during the first period and in all but 10 during the second
period; and wholesaling employment declined in 15 of 38 central
cities during the first period; and in J more during the second.
Some of the declines occurring in the second period may be caused by
the business cycle. This is particularly true for manufacturing.



Table 5

NUMBER OF METROPOLITAN AREAS HAVING EMPLOYMENT DECLINES IN
CENTRAL CITY AND RING BY INDUSTRY GROUP:
CORRECTED FOR ANNEXATIONS

Central City Metropolitan Ring
Iten 5448 58-5¢4 5848 5448 5854 5848

Manufacturing 15 29 24 6 9 4
Wholesaling 15 18 13 3 0 1l
Retailing 26 17 30 4 0 0
Services 1 4 3 1 1l 0
Population (Legal) 17 15 16 1 2 2
Population (1950) 2 2 2 1 1 1



Only selected services, buoyed up by secular increases, avoided
persistent central city declines. Selected services employment
declined in 7 central cities in the first period and in only 4 during
the second.

The number of population declines is also large; for the entire
1948 to 1958 period, 21 central cities decreased in population using
1950 boundaries and only 5 fewer had declines using legal boundaries.

Nor did the metropolitan ring escape declines entirely. The
lessening importance of manufacturing employment in the economy,
combined with especially large declines in a number of metropolitan
areas, resulted in ¢ ring manufacturing employment declines during
the first period and 9 during the second.

AN_ECONOMETRIC MODEL

The data just discussed indicate that central city manufacturing
employment decreased on the average for the 39 metropolitan areas
between 1954 and 1958, and that other types of central city employ-
ment, services excepted, also decreased in & large number of these
cities, Central City population appears to have grown very little,
and has actually declined in a majority of wban areas, i.e. 21 out
of 39. One cannot help but wonder at the causal structure bringing
about these changes. Econometric models provide a systematic and
reasonably efficient way to study urban structure. An 1l equation
recursive model has been formulated to assist in understanding the
changes in population and employment currently taking place in Amer-
ican urban areas. This model includes 9 behavioral and 2 definitional

equations. The parameters of the equation system are estimated



from data for the period 1954-1958, using least squares regression

techniques.u

The model, shown in schematic form in Fig. 1, includes
11 endogenous variables determined within the equation system, and 5
exogenous ones determined outside the system. The variables are
listed below.

M; = yearly changes in manufacturing employment in central cities of
growing areas, i.e. defined as SMSAs having increases in man-
ufacturing employment during 1954-1958.

M; = yearly changes in central city manufacturing employment of
declining areas, i.e. MSAs with declines in manufacturing

employment.
K = yearly changes in ring manufacturing employment in all areas.

1’c = yearly changes in central city population within constant 1954
boundaries.

P* = yearly changes in ring population within constant 1954 boundaries.
W = yearly changes in central city wholesaling employment.

W = yearly changes in ring wholesaling employment.

R® = yearly changes in central city retailing employment.

RS = yearly changes in ring retailing employment.

g% = yearly changes in central city services employment.

5 = yearly changes in ring services employment.

M;-yea.rly changes in manufacturing employment in growing SMSAs.

nq-nuwmsmwmumgwmummm.
P® = yearly changes in population, all SMSAs.

nA more detailed discussion of the estimation techniques may de

found in; John H. Niedercorn and Joln F. Kain, An Beonometric Model
of Metropolitan Develo The RAND Corporation, »P- s paper
pre at Joint meeting of the Beonometric Society and Re-
glonal Science Association, Pittsburgh, Pennsylvania, December 1962,

“17-



—

-17a=

seduey) queuwdorduy pue uotrjerndod Jo TOPOW ¥V — T °*Prd

=

() Iuswlorduy (5W) (seeae 3duturroeq)
Juranyoeynuey uty quankordury duganioeynuey szv (sesxe Juturyos()
T £910 TRIUL) Rusuforduy duranjoeynuey
(sesae TTy) quawkordum |
Aurangoeynuey]
(H) £310 TRa3UD l :
aMozv (seage Jutmoun) 5
qusudorduy JupanideFnuey (s4) (seaae yamouan)
£91) TRaqUe) ~ husukordup Jupanyoeynuel
(4S) sed1axeg
(aM) 3urTesaroum
(J4) 3Burtredsy
s quoufordury Suty
( o.m -~ od = d) |
uotrerndog Juty ——K 1) o11®; puey juedep
A omv S8OTAIIG
¢ quawlorduy
£31) TeIULl
A 03v JurTesaToyMm
(ot) 3urrressy
$ quemkoduy (,d) uoreyrdog
£91) TBIqU3) je— 110 TeJqua) (gd) uoriemndad VSHS|

- o

S~

[ - 9

v

soTqetse) snousdopuy SITqeRTIR) sSnousSocy




V = the ratios of central city vacant land area to total central
city land area.

A = annual annexations of population from the ring to the central
city.

An assumption crucial to the structure of the model shown in Fig. 1,
is that metropolitan area changes in population and manufacturing
employment, the latter representing the most important form of base
employment in most urban areas, are simultaneously determined.l?
Given changes in SMSA manufacturing employment and population,and

the ratio of central city vacant land area to total land area, the

yearly changes in central city population and manufacturing, whole-

saling, retailing and services employment can be obtained using the

model. The model can logically be separated into three parts or stages,
and thus requires three discrete steps for solution and use as a predictive

mechl.u:l.un.:l'3

nBa.ee employment refers to terminology used in economic base
studies. Base employment may be thought of as the exogenous variable
in an economic base model., It differs fram non-basic employment in
that its output is exported and thus provides the area with income.
Non-basic employment or service employment is defined as that employ-
ment which provides goods and services for consumption within the
area. We have for some time been trying to estimate and evaluate
the simultaneity problem between population and base employment. Our
treatment here is evidence that we have not yet satisfied ourselves
with the results of this research and currently treat changes in both
as exogenous to the model.

Lme Model's 9 stochastic and 2 definitional equations together
with the percentage of the dependent variables'total variances
explained are given below. All variables are statistically signif-
icant at the 5 percent level.

MS = 1.5200C + 0614 - 470, (% = .70); M§ = .6234] + .105A - 992,

(R% = .90); M = M® - N°%; P = .453vP® + .650¢° - 2776, (R = .50);
P* e P - P W° = .032° + 0224 + 91, (R® = .62); RS = .OTTPS+ .O27A + 263,
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STAGE 1

Changes in SMSA manufacturing employment in declining areas are
used to determine changes in central city manufacturing employment for
SMSAs of declining manufacturing employment. Changes in SMSA manu-
facturing employment in growing areas and the vacant land ratics for
growing areas are used to determine central e¢ity changes in manu-
facturing for SMSAs of increasing manufacturing employment. The
central city changes in manufacturing employment for growing areas
and those for declining areas are cambined to obtain a weighted
average of the central city manufacturing employment changes in both
declining and growing areas. The weights used are the numbers of the
areas in each class, divided by the total number of areas in the
sample. The weighted average changes in central city manufacturing
employment are then subtracted from the changes in SMSA manufacturing
to obtain the change in ring manufacturing employment. The procedure
of dividing SMSAs into growing and declining areas for the central
city manufacturing equation requires some elaboration. This procedure
is used because of an asymmetry for the manufacturing equation and
the theory on vhich it is based. The vacant land variable is a
constraint variable limiting the size and rate of central city manu-
facturing increases. The hypothesis assumed is that if significant
tracts of vacant land within central cities exist, a sizeable pro-
portion of new manufacturing will locate there; if there is little

(R% = .65); S° = .030F° + .023P" + .022A + 201, (RZ = .T7);
Hr = cOl?Pr - .O]BA - 51’ (Ra d 056)} Rr = oOS}Pr - 00‘9A - 5,
(R = .82); 8 = .02TF° - .016A - 297, (RZ = .79).




-m.

vacant land, new manufacturing will locate on vacant land in the ring
Just adjacent to the central city. As this constraint is only mean-
ingful in those areas where there are manufacturing employment
increases, separate equations are estimated for increasing and

decreasing areas.

STAGE II

The central city population change is obtained using the change
in central city manufacturing employment, determined in Stage I, and
the predetermined values of the vacant land ratio and change in
metropolitan area population variables. Ring population change is
obtained by subtracting the central city population change from the
metropolitan area population change. Because all except one of the
metropolitan areas included in the sample increased in population in
the period 1954-1958, the asymmetry characteristic of the manufac-
turing equation is not a problem in the population equation. There-
fore, a single population change equation 18 used for all areas.

STAGE III

Changes in central city and ring retailing, wholesaling and
services employments are obtained solely from variables determined
vithin the model. Predictions of central city wholesaling and re-
tailing employment changes depend on only central city population changes,
vhile changes in service employment require as explanatory variables
both central city and ring population changes. Both the central city
and ring population change varisbles have positive and statistically
significant regression coefficients in the central city selected
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services equation, although the coefficient of the change in ring
population is somewhat smaller than that for central city population.
This was expected, because people living in the ring will not pur-
chase services located in the central city as often as those living
within the city limits.

Changes in ring retailing, wholesaling and selected services
employments are obtained using only ring population changes. We are
more comfortable in postulating valid relationships between retailing
and services employments and population than between wholesaling and
population. We would assume that the change in population is a
fairly good proxy for changes in the distribution of the wholesalers'
markets and thus a good wholesaling demand proxy. But the cause of
vholesaling employment's rapid growth in the ring may be the less-
ening importance of centrally located freight facilities resulting
from more widespread use of trucks for moving freight. Consequently,
no one should be surprised that the equations for wholesaling explain
a smaller proportion of the total variation in the dependent variables
than either the retailing or selected service trades equations.

PROJECTION AND PREDICTION

Having clarified to some extent the nature and causal structure
of the model, it might be illuminating to use the model to predict
vhat the typical metropolitan area would look like in 1965 and 1975
using various time paths of the exogenous variables. This procedure
is carried out in two steps. Projections of the behavior of the
exogenous varisbles over time are made. Then the changes taking
place in the dependent variables during the time periods 1954-1965



and 1954-1975 are obtained by integrating the model's equations with
respect to time and evaluating the integrals.

To provide a basis for camparison, characteristics of an average
or representative urban area in 1954 have been calculated. Table 6,
giving the mean employment and population levels in both central
cities and metropolitan rings, provides a description of a represent-

ative urban area in 1954.

Manufacturing employment, which numerically outranks wholesaling,

retailing and services employments combined, is clearly, in these
tems, the most important type of employment in both central cities
and metropolitan rings. Also, the growing areas seem to have fewer
nanufacturing employees than do declining ones. This is in part
because the growing areas are, on the average, amaller. In addition,
those metropolitan areas with very large proportions of manufacturing
employment are strongly oriented toward heavy manufacturing, which
has declined secularly in the post-war period.

' Table 7 presents the high and low sets of independent variable
projections used for this paper. The low projections correspond with
vhat actually happened, on the average, during the years 1954-1958.
Since 1958 was a year of moderately severe recession, a higher set
of projections incorporating more favorable developments in SMSA
population and manufacturing employment are also included.

The projections of the vacant land variables are the same for

1“'&05.9pomtmu1r¢hotmm aboorpti on is the
mean obtained from s sample of 18 oentral cities during the post-war

=22~



Table 6
MEAN LEVELS OF EMPLOYMENT AND POPULATION, 1954

ITEM CENTRAL CITY  METROPOLITAN RING
Manufacturing (Total) 98,718 70,918
Manufacturing (Growing Areas) 59,375 52,192
Manufacturing (Declining Areas) 132,442 86,969
Wholesaling 25,909 5,148
Retailing 48,753 23,626
Services 20,288 6,726
Total Euployment® 193,668 106,418

Population 724,315 656,052

BThese figures do not take into account types of employment not
included in the Censuses of Business and Manufactwres such as con-
struction, transportation and finance.



Table 7
PROJECTED ANNUAL CHANGES IN THE INDEPENDENT VARIABLES

VARIABLE 1OW PROJECTION HIGH PROJECTION
Manufacturing Employment
Growing Areas + 3,083 + 5.09
Dec].‘I.ning m‘. - 101’ - 005¢
Population + 2.64 + 3.5%

Vacant Land Ratio - 5.9% - 5.%

24~



Initial values of the vacant land varieble are 0.271 in the man-
ufacturing equation and 0.219 in the population eq'ua.'tzzl.on.l5 A zero
annexation level has been assumed when making the predictions, so the
latter will refer to constant 1954 areas. Table 8 presents the pre-
dictions of ecumlative changes over the periods 1954-1965 and
1954-1975.

Several interesting facts emerge from Table 8. Significant
central city declines in manufacturing employment and population
occur using the low velues of the exogenous independent variables.
The former are offset by increases in wholesaling, retailing and
especially services so that total central city employment incresases
slightly. If the high set of values for the exogenous variables in
each year is used, total employment consequently enjoys significant
increases, as gains in the three employment categories again offset
the moderste declines in manufacturing employment. Growth of the
metropolitan rings is rapid using either the high or low values of
the exogenous varisbles. The lower set of projections indicates
small decreases in central city population, while the higher set
entails slight gains. These results seem to indicate that central
city population may remain relatively stable in the near future. As
in the case of employment, population growth in the ring is very
rapid. Table 9 expresses these changes in percentage terms.

Table 9 permits comparison of the percentage rates of change in
central cities and rings for 1954-65 and 1954-75. Table 9 shows that

Lmese figures were cbtained from land use dats collected by the
authors from the 39 central cities included in the stwdy.



Table 8

PREDICTIONS OF CUMULATIVE CHANGES IN THE ENDOGENOUS VARIABLES
IN BOTH CENTRAL CITY AND METROPOLITAN RING

A, Central Cit

Low Projections High Projections

Varieble 19541965 19541975 1954-1965  195k-197S
Mamifacturing

Total -12,568 -25,084 -5,238 -10,429

Growing areas 5,052 5,333 7,734 13,519

Declining areas -26,273 -48,7h2 -15,327 -29,056
Wholesaling 803 1,240 1,385 2,358
Retailing 2,638 4,328 4,037 7,019
Services 12,639 27,034 17,229 38,780
Total Employment 3,512 7,518 17,413 37,728
Population -6,174 -20,97h 12,002 13,971

B. _Metropolitan Ring

Manmufacturing .

Total 13,536 28,210 34,692 88,873

Growing areas 28,861 59,410 74,824 193,992

Declining areas 1,617 3,943 3,479 7,115
Wholesaling 7,508 16,691 10,484 2,572
Retailing 2k, 415 53,961 33,694 78,532
Services 9,199 21,306 13,926 33,824
Total Employment 54,658 120,168 92,796 225,801

Population 161,706 1,020,117 636,770 1,483,727



Table 9

PREDICTED PERCENTAGE CHANGES IN EMPLOYMENT AND POPULATION
IN BOTH CENTRAL CITY AND METROPOLITAN RING

A, Central City
High Projections

VYariable

Mamufacturing
Total
Growing areas
Declining areas

Wholesaling
Retailing
Services

Total Employment
Population

Manmfecturing
Total
Crowing areas
Declining areas

Wholesaling
Retailing
Services

Total Employment
Population

Low Projections

1954-1965  1954-197T5 1954-1965 19541975
-12.7 =25.k «5.3 =10.6
8.5 9.0 13.0 22.8
-19.8 -36.8 -11.6 -21.9
3.1 4.8 5.3 9.1
5.4 8.9 8.3 .4
62.3 133.2 84.9 191.1
1.8 3.9 9.0 19.5
- .8 - 2.9 1.7 1.9
B, Metropolitan Ring
19.1 39.8 48.9 125.3
55.3 113.8 143.3 37.7
1.8 4.5 4.0 8.2
145.8 34,2 203.7 4TT.3
103.3 228.4 142.6 332.4
136.8 316.8 207.0 502.9
51.4 n2.9 87.2 212.2
70.k4 155.5 9T.1 226.2
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vhen both sets of the exogenous variables are used, central city
total employment for the categories included in this study (repre-
senting approximately 60 percent of total non-agricultural employment)
is estimated to increase considerably faster than central ecity popu-
lation. Evidently the central city is more attractive as a place of
business than as & place of residence. Again, ring growth is very
rapid for popwlation and all four categories of employment.

Table 10 gives the high and low predicted levels of totael employ-
ment and population in 1965 amd 1975 and the percentage of population
located in the ring in each year. According to our predictions, by
1965 at least 60 percent of the population of these 39 SMSAs will
reside outside of the 195k central city boundaries. In the same year,
more than 44 percent of employment should be located there. By the
year 1975, we estimate that more than 70 percent of the population and more
than 50 percent of total employment will reside outside of 1954 city
boundaries. Thus, the table indicates that SMSA population and em-
ployment will become increasingly concentrated in the metropolitan

ring.

TECHNOLOGICAL AND SOCTOLOGICAL TRENDS UNDERLYING THE MODEL
We based the model on the assumption that locational changss in manufacturing
employment are the driving force behind shifts in land-use patterns
that took place during 1948-1958. Today it is generally accepted
that new production techniques based on continuous process methods
and generally requiring single story plants of large floor ares are
among the principal causes of mamufacturing suburbanization. Single
story plants require large sites which are not often available in the
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Table 10

HIGH AND LOW PREDICTIONS OF CENTRAL CITY AND RING EMPLOYMENT
IN 1965 AND 1975 AND THE PERCENTAGE LOCATED IN THE RING:

1954 BOUNDARIES
A. Population
Low High

Area 195k 1965 1975 1965 1975
Central City 24,315  T18,1%1  TO3,3%1  T36,31T 738,286
Ring 656,052 1,117,758 1,676,169 1,292,822 2,139,TT9
SMSA 1,380,368 1,835,899 2,379,510 2,029,140 2,878,066
Percentage in Ring  U7.5 60.8 T0.k4 63.7 .3

B. Total nt®

Central City 193,668 197,180 201,186 211,081 231,39
Ring 106,428 157,076 226,586 199,21k 332,219
SMSA 300,068 354,256 k27,772 410,277 563,597
Percentage in Ring  35.5 4%.3 53.0 48.6 58.9

'lhmfact\n'ing, vholesaling, retailing and selected services.



central city.m In addition, the growing need for parking space
generated by the increasing percentage of workers using the automobile
for their journeys to work further increases industrial land require-
ments., There is just not enough vacant land in the central cities to
even support present levels of manufacturing activity, let alone
increase them. PFurthermore, land, in part because of demolition and
assembly costs, is much cheaper in the suburbs.r{ Because many raw
materials and finished products are now transported by motor truck,
the bulk of light manufacturing is no longer forced to locate near
railroad lines and yards. As noted earlier, the same can be said for
wl:o.'!.esa.‘l.i..ng.:l'8

Two different trends in population location, both leading toward
suburbanization, stand out most clearly. The majority of middle-class

1‘6A number of urban researchers have pointed to these production

technique changes as causes of manufacturing dispersal in urban areas.
Vernon and Hoover, for example, note that "The effects of new pro-
cesses on land requirements in recent years have been phencmenal.

The extent of changes is suggested by a survey of space used in 1956
in 239 plants in the New York Metropolitan Region located outside of
the old cities of the Region. The pre-1922 plants stand on 1,040
square feet of plot space per worker, vhile plants built from 1922 to
1945 occwpy 2,000 square feet and those built after 1945 occwpy
4,550 square feet of plot space per worker." He also notes that a
similar analysis done for plants located within the large cities of
the Inner and Outer rings exhibit hardly any change in the smount of
space per worker over time. Bigar M. Hoover and Raymond Vernon,

Ana of a Metropolis, Howard University Press, Cembridge, Mass.,
1959, p. 31.

17Boover and Vernon also presented data on differences in land
cost. They state that "If one were to attempt to locate a modern
metal working plant on a typical gridiron block in Manbhattan's lower
West Side, for instance, the cost might be in the neighborhood of
$2,300,000 more than that for a suburban site suitable for the same
purpose.” Hoover and Vernonm, op. cit., pp. 32 and 33.

r and Vernon, op. cit., Chap. 2; Raymond Vernon, The
Beonomic Function o Central Ci Committee for Economic
Deve%; 1959; Raymond Vernon, "The Economics and Finances of the
Large Metropolis", Daedalus, Journal of the American Academy of Arts
and Sciences, 1961,
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Americans seem to prefer low-density suburban living to crowded city
life, Vacant land zoned for single family residences has virtually
disagppeared in most central cities leaviag room for expansion only in
the suburbs. It is significant that an increasing proportion of city
dwellers is camposed of minority groups vho are forced to live there
elther because of discrimination or low :I.neonu.l9 Another fact is
that people prefer to live reasonably near their places of employ-
ment. Consequently, resident population follows manufacturing and
other amployment from the central cities to the suburbs. Wholesaling
and retailing follow population in order to remain near their cus-
tamers. The sequence of movement is likely to be manufacturing
employment, population, retailing, and wholesaling. The latter
probably does not move into an area until retailing is well estab-
lished there. Only specialized kinds of services depending on cus-
tomers from the entire metropolitan area find it convenient to locate
near the city center or point of maximm access.

THE MODEL AS A FORECASTING TOOL

Before discussing the significance of these predictions for
urban transportation policy and planning we would offer some addi-
tional words of caution and qualification about the model. The pre-
dictions for 1965 and 1975 are obtained using constant parameters
estimated from empirical information for only a single four-year
period 1954-1958. Significant parameter shifts would invalidate or
at least increase the error of the predictions. The extent to which

15me mean ratio of non-white to total population in the 39 cen-
tral cities increased from .135 to .186 between 1950 and 1960.



the parameters would be expected to exhibit secular stability depends
in large part on the extent to which the model includes structural
relationships. The simple model presented in this paper obviously
falls far short of a complete structural pattern of urban development.
Still the model does have some structural characteristics. For
example, the central city manufacturing and population equations
based on the capacity theory of urban development do represent a
beginning in terms of a more complete structural model. We want to
construct an urban development model including the largest possible
amount of structure.ao

The greatest single impediment to incorporating more structure
into our models is the lack of data pertaining to what we believe are
the ultimate structural variables. Although the quality and quantity
of data for urban areas have improved substantially in recent years,
many gaps still exi{st. Growing awareness of urban development prob-
lems has led to the preparation and publication of an ever increasing
quantity of statistical data on urban areas in a form that makes
possible research of the type presented here. The 1960 Census of
Population, for example, is much more useful for analysis of these
problems than any previous edition. For the first time, census
enumerators obtained information on the location of household mem-
bers' workplaces as well as each worker's usual journey-to-work mode

2ol'!or exsmple, in relasted work on the redistribution of retailing

employment, we discovered productivity adjustments are often as
important as demand or population adjustments in explaining and pre-
dicting the distribution and level of retailing employment. We
determined that if productivity increases occur, large employment
declines could occur even if demand as indicated by population
remained stable.



of transportation. Analysis of the wealth of information available
from this new source will substantially enhance owr understanding
of urban development and the interrelationships between urban devel-
opment and urban transportation. Although the Census Bureau people should
be given the credit due them for these very large improvements in
the 1960 census, we should at the same time encourage them to expand
and further develop this line of exploration. In the next census
they should be encouraged to reduce the level of aggregation of the
workplace data even further. Although we feel that the analysis
presented here is a prima facie case for the proposition that highly
agaregative data can be extremely useful and informative regarding
metropolitan change, it suggests we have underutilized existing
sources of published information. It also suggests the tremendous

gain that would be possible from greater geographic d.isaggregation.al

2]'As pointed out previously, the greatest weakness of the data

used here is its relatively high degree of geographic aggregation;
most of our statistics refer to central cities or to metropolitan
rings (the standard metropolitan statistical area minus the central
city). Thus, ve are unable to specify exactly any changes in employ-
ment and population levels within subareas of the central city and
ring of any particular SMSA. This is less of a disadvantage for our
cross-sectional analysis of several wban areas than if we were
describing and analyzing these changes for a single urban area. The
metropolitan areas in our ssmple differ substantially in their pop-
ulation levels and characteristics, employment levels and distiributions,
growth rates, ratio of ring to central city area, etc. These differ-
ences between central city and ring characteristics and size make it
possible to infer much about urban growth processes in both areas.
This is particularly true of the results obtained using the more
sophisticated multivariate statistical techniques presented in this
section. For the statistical analysis, the size of the geogrephic
areas or the fact that they are not especially delineated is less
important than whether the geographic areas differ or have signif-
icant statistical variation in the dependent and independent variables
used. GCeographic disaggregation only provides more information if it
increases the hamogeniety of the subarea and/or increases the variation



A great deal more information on these parameter shifts and
more insight into the model's stability will become available soon.
We will have greater confidence in our model once it is re-estimated
with data obtained from the 1962 Censuses of Manufacturers and
Business.

We estimated the model's parameters for the 1954-1958 period
rather than 1948-1954 because we felt that the earlier period con-
tained too many disturbances and was too greatly affected by post-war
adjustments to provide meaningful parameter estimates. Our belief in
this regard is strengthened by the fact that the results obtained for
the first period, in estimating these and other relationships, are
much inferior to those obtained for the second, i.e. the regression
coefficients have less statistical reliability and the equations
explain a smaller proportion of total 1rar:l.anc¢;.22

The time paths assumed for the exogenous variables may be un-
realistic. Our estimate of the change in SMSA manufacturing employ-
nment, for example, may be too low or too high for use in a long-range

projection of this kind. This, however, should not worry us too much.

The projections of the independent varisbles were made wide enough

between sub-areas. This is usually, but not always, the result of
greater disaggregation. Although not entirely happy with our sit- -
uation, we are convinced that the within variation of the dependent
and independent variables is sufficiently smaller than the between
variation to pemit us to estimate and specify valid functional
relationships between the variables and to make meaningful inferences
about urban growth processes and locational trends in population and
exployment .

eerbr exsmple see: John H. Niedercorn and J’ohn F. Ka.in, Changes
in the tionorroodmmmrchmdiu ment within

Paper presented at thc mtingo or the Western Econanic Auo-
ciation, Los Angelses, California, August 24, 1962.



apart 80 reality should lie somewhere in between for most of the
largest 39 SMSAs. Our predictions should be considered limits on
vhat is likely to happen rather than exact forecasts for any specific
city.

Another shortcoming of the model is that it does not include all
types of employment. Construction, transportation, public utilities,
finance, insurance, real estate, government, and a number of service
trades (altogether about 40 percent of the civilian non-agricultural
labor force), are not included because the necessary data are not
available. Proprietors of unincorporated enterprises (especially
important in retailing and the service trades) are also excluded
fram the model. It is possible that inclusion of these omitted
employment groups might drastically change the picture of urban
development suggested by the model's predictions and by the empirical
data presented in Tables 1 through 5. Consequently, the empirical
findings of this paper should be evaluated with these shortcomings in
mind, 2>

The model is only a crude approximation and considerable extension

231f we consider these omitted employment groups, however, only
finance, insurance, some federal and state government employment, and
same business services would, on the basis of other information, seem
to be groups for vhich much different locational trends would be ex-
pected. local government employment is nearly as much, or more, pop=-
ulation oriented than retailing, as is a considerable portion of
federal and state government employment, i.e. the post office, the
social security administration, the department of motor vehicles, etc.
Construction employment would be located where new construction
occurs ~- predominantly in the new fringe areas. Much public utility
and transportation employment is also population oriented. The
greater use of motor trucks, piggy-backing, the rapid suburbanization
of vholesaling and manufacturing, and finally the expansion of air
transportation are all trends which suggest a rapid suburbanization of
employment in inter-city transportation.



and refinement of it will be necessary before it provides a highly
accurate and reliable picture of the future development of urban
areas.

Despite its limitations, the model suggests several significant
trends. It demonstrates that the absolute levels of manufacturing
employment and population in the central cities of slowly growing
SMSAs are likely to decrease over time., Moreover, it exhibits the
fact that very large increases in metropolitan population and employ-
ment are consistent with only moderate increases and perhaps even

declines in central city population and employment.

SMARY, IICLUDING IMPLICATIONS FOR TRANSPORTATION PLANNIING

In this paper we have presented a considersble amount of empir-
ical information bearing on the redistribution of employment and
population within 39 of the largest metropolitan areas. This in-
formation indicates that fundamental changes in the distribution of
these categories have occurred during the post-war period. The
empirical findings can be summarized by stating that the observed
trends strongly indicate rapid growth in the levels of employment and
population in the metropolitan ring and only slow growth in the cen-
tral city. If the trends of recent decades persist we would expect
tomorrov's urban areas to have a considerably different appearance
from those of the past. We would expect metropolitan densities to
become more uniform since growth in the ring is rapid compared to the
central city.



Automation, continuwous processing and other mass production tech-
niques have tended to make outlying locations where cheap sites may
be obtained superior to more central locations for the construction
of the requisite one-level manufacturing plants. By the more wide-
spread use of motor trucks, all but a few freight intensive employment
activities have been freed from locations near rail lines, spurs, or
deep water., Shifts in the composition of national output towards
services and other non-manufactured goods have meant that less
employment is freight oriented.

Increases in per capita incomes, improved credit availability
and the availability of a relatively cheap and ubiquitous mode of
individual transportation have encoursged and made possible the con-
cunption of low density residential services by larger numbers of
urban households. The evidence is substantial that many urban house-
holds with school-age children prefer the privacy and other amenities
provided by single family and other low density forms of residential
development and are willing to devote a larger portion of their family
budgets to their purchase.

Nevertheless, the predictions shown in Tables 8 and 9 indicate
that in the future, employment in the central cities will increase
faster than population. This implies that more jowrneys to work will
be made between the central city and metropolitan ring. Consequently,
the flov of traffic between these areas is likely to become heavier in
all but the few slowest growing SMSAs.

Unfortunately, the analysis does not tell vhether the increases
will occur in the fringe areas or the CBD. In the former case,
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increased highway construction is likely to offer the best solution
to the urban transportation problem. iowever, if there is consider-
able expansion of employment near and in the CBD, mass transit systems
become more attractive. Clearly, more research needs to be done

before the best mix of transportation facilities can be specified.



